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INTRODUCTION
Tumor necrosis factor alpha (TNF-α) is an important immune modulator, and neutralization of this cytokine significantly suppresses immune responses. 1 Anti-ary 1, 2005 to December 31, 2011. We excluded 8 patients with Kawasaki syndrome, a systemic vasculitis disease that affects children. The remaining 175 patients were evaluated, diagnosed, treated and followed by the Departments of Gastroenterology or Rheumatology.
Study design
We evaluated infections and their association with the drugs at several steps. Demographic data as well as clinical and outcome data were collected from complete medical records, including all inpatient and outpatient records ( Table 1) . A variety of information was obtained via a thorough review of physicians' notes and medication histories. In order to define each incident case, every case of prior disease was exhaustively evaluated.
Cases of serious infection and TB in patients receiving anti-TNF-α therapy were analyzed. Before evaluating TB due to anti-TNF-α therapy, we reviewed the rates of latent TB infection diagnosed by a latent screening strategy. Patients with active TB detected on chest radiograph or by clinical examination were treated according to the national guidelines for the treatment of TB. After excluding active TB patients, those who tested positive for latent TB upon screening were given chemoprophylaxis before the administration of anti-TNF agents. The chemoprophylaxis regimen consisted of isoniazid 300 mg/day for 9 months from the time of diagnosis, followed by anti-TNF-α treatment 3 weeks later. These regimens were based on the "Korean Guidelines for Tuberculosis". 18 
Definition of serious infection
Serious infections were defined as infections that were 1) life threatening, 2) required hospitalization, 3) treated with intravenous antibiotics, or 4) lead to significant disability/ incapacity. 13, 14 These infections included infections of the lower respiratory tract, intra-abdomen, skin and soft tissue, bone and joints, urinary tract, and ocular neurons.
TB screening and prophylaxis
Patients should be screened for active or latent TB infections before the prescription of anti-TNF-α agents.
Definition of active TB infection
Active TB was defined on the basis of acid-fast bacilli positivity, clinical suspicion, or imaging, including consolidation, endobronchial spread pattern, or tree-in-bud opacities. 19 In TNF-α agents are widely used in gastroenterology (for inflammatory bowel disease), rheumatology (for rheumatoid arthritis, psoriatic arthritis and spondyloarthropathies) and dermatology (for psoriasis). Treatment of chronic inflammatory disease with anti-TNF-α agents has allowed for improved control of disease progression. [2] [3] [4] To treat such diseases, several different types of anti-TNF-α monoclonal antibodies are used: 1) Infliximab, a chimeric (human murine) monoclonal antibody against TNF-α, for rheumatoid arthritis 5, 6 and Crohn's disease 6 ; 2) adalimumab, a fully humanized monoclonal antibody that recently received approval for the treatment of rheumatoid arthritis 7 ; and 3) etanercept, a fusion protein composed of the ligand-binding portions of two human 75-kDa TNF receptors and the Fc portion of IgG1, used in the treatment of rheumatoid arthritis, 5 juvenile chronic polyarthritis, psoriatic arthritis, and ankylosing spondylitis. 8 Increased use of this therapy to treat chronic diseases, such as rheumatoid arthritis and Crohn's disease, has led to an increase in the number of infections [mainly Tuberculosis (TB)] after anti-TNF-α therapy in recent years. In particular, anti-TNF-α therapy has been shown to be associated with an approximately 14-fold greater incidence of TB reactivation compared to healthy controls. [9] [10] [11] Thus, the increased risk of TB associated with anti-TNF-α therapy may indicate a need for screening for active and latent TB prior to anti-TNF-α therapy administration. Nevertheless, there are no reports of a consistent pattern regarding the risk of serious infections associated with anti-TNF-α therapy in clinical trials in the literature. Some studies have reported no increased risk of serious infections in anti-TNF-α treatment groups compared with placebo groups, [12] [13] [14] [15] while other studies throughout numerous regions worldwide have suggested that such treatment possibly increases the risk of serious infections. 16, 17 So far, there is limited data concerning the association between occurrences of serious infections and reactivation and newly developed TB in Korea. Therefore, the aim of this study was to examine the incidence of serious infections and TB in patients receiving anti-TNF-α therapy in Korea.
MATERIALS AND METHODS Participants
This retrospective study enrolled 183 patients who received anti-TNF-α therapy including infliximab or adalimumab at Korea University Hospitals in Anam and Ansan from Janu-
Data collection
The following patient information was collected from complete reviews of medical records:
1. Demographics: age at time of initial anti-TNF-α agent use, race and gender.
2. Possible causes of infection: we searched the records for evidence of diabetes mellitus, pulmonary disease, and HIV infection.
3. Cigarettes and alcohol: we checked medical records for the use of cigarettes and alcohol abuse (i.e., current/ ever/never).
4. Medications: types of anti-TNF-α agents and concomitant immunosuppressive drugs such as disease-modifying antirheumatic drugs (DMARD), sulfasalazines, and steroids were included.
5. Duration for diagnosis infection: we recorded the first and last date of anti-TNF-α agent use and the date of diagnosis of the infection. Disease duration was defined as the last date that anti-TNF-α agents were used to the date that infection developed.
6. Cause of infection: site specific infections were recorded based on principal discharge diagnosis.
Statistical analysis
Serious infections stratified by site were included in the analysis. Person-years were calculated from the first day of anti-TNF-α therapy to the date of serious infection occurrence in patients taking anti-TNF agents. Rates of serious infections are presented as events/1000 person-years and 95% confidence intervals (95% CIs). CIs were calculated by comparing two rates. Categorical and continuous data were analyzed by χ 2 analysis and unpaired, two-tailed Student's t-tests. The level of significance was set at p<0.05. All analyses were performed using SPSS software, version 18.0 (SPSS Inc., Chicago, IL, USA).
RESULTS
A total of 175 patients were enrolled: 72 and 103 in the infliximab and adalimumab groups, respectively. The baseline characteristics of the patients are shown in Table 1 . Their ages ranged from 18 to 86 years (mean, 40), the proportion of women was 34.8%. All patients were Asian, and none had HIV infection. Within these patient groups there were 34 cases of Crohn's disease (19.4%), 20 of ulcerative colitis (11.4%), 39 of rheumatoid arthritis (22.2%), and 82 of anpatients with active TB detected on a chest radiograph or CT scan or on histopathology, anti-TNF agent therapy was delayed until they had been treated according to the national guidelines for the treatment of TB for 6 months. 18 
Definition of latent TB infection
Latent TB infection was defined as the presence of at least one positive result on a tuberculin skin test (TST), interferon-γ release assay (IGRA), or chest X-ray.
Tuberculin skin test
The TST was performed using the Mantoux method, in which five tuberculin test units of purified protein derivative were injected intradermally into the volar surface of forearm. 20 The test was analyzed within 48-72 hours for a maximum transverse diameter of induration. Diameters ≥10 and ≥5 mm in patients without or with human immunodeficiency virus (HIV) infection, respectively, were considered positive.
Interferon-γ release assay
IGRA test was performed using the QuantiFERON ® -TB Gold In-Tube (Cellestis, Melbourne, Vic., Australia) kit. Whole blood IGRA based on the Mycobacterium tuberculosis peptides ESAT-6, CFP-10 and TB7.7 was performed. This test is the test of choice for detecting TB because it is sensitive and does not exhibit a booster effect. 10 
Chest radiograph
Findings on chest X-ray indicative of latent TB included calcified granulomas, pleural scarring, apical densities, and/ or hilar lymphadenopathy. TNF-α, tumor necrosis factor alpha.
anti-TNF-α therapy administration. Sixteen patients did not undertake a purified protein derivative (PPD), chest X-ray or QuantiFERON test at all. Fifty-nine patients who met the criteria were diagnosed with latent TB. Of these 59 cases, 56 were positive on either PPD test or QuantiFERON test, and three patients were diagnosed with latent TB by chest X-ray only. During the study, 55 patients completed the anti-TB chemoprophylaxis regimen. There were four patients who did not receive chemoprophylaxis, despite positive results for latent TB infection, including three patients who were diagnosed with latent TB by chest X-ray only and one patient who was diagnosed with latent TB only by TST. However, all four of them did not show TB reactivation.
Incidence rate of TB in anti-TNF-α-treated patients
We stratified patients into two groups according to the presence of latent TB infection. In the patients with latent TB infection, 55/59 patients completed chemoprophylaxis. There were no TB reactivations with the application of chemoprophylaxis. Among the patients who showed negative results upon screening, three (1.7%) newly developed TB. Of the 3 patients diagnosed with active TB: two had negative latent TB test results; one patient showed negative chest X-ray and QuantiFERON test results; however, the PPD test reackylosing spondylitis (46.9%). Patients were divided into two groups according to the type of anti-TNF-α therapy: infliximab or adalimumab. Table 2 shows the characteristics of the patient groups along with infection rates and drugs. Patients in the infliximab group were significantly younger than in those in the adalimumab group (33.9 years vs. 41.2 years, p=0.009). The proportions of women were similar in both groups at 50%.
Overview of serious infection risk with anti-TNF-α drugs
A total of 18 (6.0%) cases of serious infection occurred in the present study. Infection rates are reported in terms of 1000 person-years. There were no significant differences in infection rates between the infliximab and adalimumab groups (81.9 vs. 75.7, p=0.87).
The most common site of serious infection in anti-TNF-α treated patients was the intra-abdomen (26/1000 personyears), followed by TB (17/1000 person-years), skin and soft tissue (13/1000 person-years), bone and joints (9/1000 person-years), ocular neurons (9/1000 person-years), and the urinary tract (4/1000 person-years).
Screening for latent TB
One hundred fifty-nine of the 175 patients with inflammatory disease (159/175) underwent baseline screening before tivation. 25 Sichletidis, et al. 25 studied patients who received anti-TNF-α therapy for rheumatic diseases and reported that 19% (7/36) developed TB after receiving an adequate chemoprophylaxis. In the present study, of the 55 patients who were properly receiving or who had completed the chemoprophylaxis regimen, none of them developed TB reactivation (0/55), whereby the incidence of active TB in the study population was calculated to be 1300/100000 person-years. These differences can be explained in two ways. First, the effectiveness of chemoprophylaxis is limited not only by the efficacy of the drug, but also by adherence to therapy. Nearly all patients (55/59, 93%) properly adhered to chemoprophylaxis in the present study. Comparatively, Sichletidis, et al. 25 reported that only 36 of 45 patients (80%) completed the chemoprophylaxis regimen. Second, we administered a chemoprophylaxis regimen of "9-months isoniazid" after screening for latent TB, while the patients in a study by Sichletidis, et al. 25 received regimens of either "3-months isoniazid and rifampin" or "isoniazid for 6 months". Some studies have reported that isoniazid therapy for 6 or 12 months in patients with latent TB is superior to placebo treatment, with maximum benefits obtained with 9 months of therapy. 26 These results suggest that a chemoprophylaxis regimen of a shorter duration may be less effective.
All 3 patients who newly developed TB received DMARDs or steroids. Because of the combined use of immunosuppressive drugs, it is unclear whether these three cases of TB infection were exclusively due to anti-TNF-α therapy. Additionally, one of these patients developed an infection 22 months after infliximab administration. Most clinical studies have reported TB occurring in patients shortly after receiving the anti-TNF-α monoclonal antibody infliximab (i.e., 12-21 weeks), indicating the reactivation of latent TB infection. The fact that a patient developed TB after 22 months in the present study demonstrates new development of TB due to causes other than infliximab.
The role of TNF-α in the human immune response to Mycobacterium tuberculosis is unclear. 27 However, in vitro studies suggest that TNF-α plays an important role in the regulation of granuloma formation, which serves to restrict bacterial growth.
1,28 TNF-α, a pleiotropic cytokine produced by infected and activated macrophages and proinflammatory T cells, 29, 30 enhances macrophage activation, 31 chemokine production by macrophages, 32 and immune cell recruitment during M. tuberculosis infection. 33 Anti-TNF-α monoclonal antibody administration may subsequently retion measured 5 mm, which was considered negative for a non-HIV patient. The details of these patients are listed in Table 3 . None of these three patients took anti-TB chemoprophylaxis before taking anti-TNF agents due to a negative result upon screening. For these 3 patients, the period of starting drug treatment to diagnosis of TB was 1 month, 3 months, and 22 months, respectively. All patients treated with infliximab received steroids or DMARDs, such as immunosuppressants.
Cancer and mortality
There was only one incidence of cancer in our study. This patient was diagnosed with pancreatic cancer 1 year after adalimumab administration. However, any correlations between cancer and the anti-TNF-α agent remain unclear.
One patient who took infliximab died during the study period due to intra-abdominal infection. This patient was admitted to the hospital and presented with hematochezia caused by the worsening of ulcerative colitis. The patient was injected with infliximab on the second day of admission and underwent colectomy during hospitalization. However, the disease worsened, and the patient eventually died of sepsis despite being treated for more than 3 months.
DISCUSSION
In the present study, 18 cases (6.0%) of serious infection were linked to anti-TNF-α therapy. Additionally, the present results show that TB was the second most frequent infection among serious infections in patients who received anti-TNF-α therapy (1300/100000 person-years).
The incidence of TB associated with anti-TNF-α agents was 18-fold greater than that of TB in the general Korean population (72.6/100000 person-years). 21 TB is significantly more common in Korea than other developed countries. Moreover, the actual incidence of TB in Korea may be higher than the reported incidence rate due underreporting. 22 In the USA, the incidence rate of TB was 3.4 per 100000 in 2011 and is currently in decline. 23 Even in Spain, which has one of the highest incidence rates of TB in Europe, there were only 18 cases of TB per 100000 in 2010. 24 Therefore, we hypothesized that anti-TNF-α therapy is strongly associated with TB reactivation or the development of new TB despite the availability of anti-TB chemoprophylaxis in Korea. However, contrary to our expectations, 55 patients who received latent TB chemoprophylaxis did not develop reac-anti-TNF-α agents. In other words, we could not estimate the relative risk of serious infection in patients receiving anti-TNF-α agents compared to those in a control group.
In conclusion, the present results provide data on anti-TNF-α therapy in patients with chronic inflammatory diseases in Korea. There were 18 cases of severe infection, where the most common site was the intra-abdomen. TB was the second most frequent type of infection. However, there was no TB reactivation after anti-TB chemoprophylaxis. Therefore, physicians should be vigilant against TB in patients on anti-TNF-α therapy, especially in countries with high rates of TB. Physicians should also perform proper surveillance and administer anti-TB chemoprophylaxis when appropriate. sult in the dissolution of intact granulomas, the release of viable mycobacteria, and disease reactivation. 34 This can explain the higher incidence of TB observed in patients receiving anti TNF-α treatment. Therefore, screening for and management of latent TB are crucial before administering anti-TNF-α treatments.
From our study, it would be difficult to state with certainty the actual increased risk of TB in anti-TNF-α treatments. However, more careful surveillance for latent TB prior to initiation of infliximab treatment may be warranted in countries with high prevalences of TB. Before administering anti-TNF-α treatment, physicians should be aware of the increased risk of TB development among patients receiving infliximab and other immunosuppressive agents. It is crucial to evaluate TB in patients on anti-TNF-α treatment by thoroughly reviewing patient histories, TST results, interferon gamma assay results, and chest X-ray findings, as well as effectively treating patients with latent TB infections. It is also important that patients properly adhere to the chemoprophylaxis.
The most common site of serious infection in anti-TNF-α-treated patients in the present study was the intra abdomen, followed by TB and skin and soft tissue. TNF-α may act differentially at different anatomic sites. 35 Taking this into account, further exploration of infection sites in anti-TNF-α-treated patients may reveal important physiological roles for TNF-α in host defense. For example, we reported that the third most common site of infection was the skin and soft tissue. TNF-α plays a key role in cutaneous immunity and inflammation. 36 TNF-α is also a key cytokine responsible for cutaneous endothelial activation and thus the recruitment of inflammatory cells to the skin. 37 Accordingly, TNF-α inhibition in the skin may result in both decreased sensing of and response to infection. Further studies are required to evaluate the site specific mechanisms of TNF-α.
Limitation
The major limitation of the present study is its retrospective nature. Since this was a retrospective medical record-based study, the follow-up duration and our ability to ascertain serious infection rates varied. Thus, the cumulative probability of serious infection should be considered a lower-range estimate. However, it is worth mentioning that there were no cases of TB reactivation in patients receiving chemoprophylaxis in Korea, which has a high TB burden. Another limitation is the lack of a control group including patients with chronic inflammatory diseases who were not treated with
